A b s t r a c t . -111-VI compounds w i t h t h e s a n d w i c h -t y p e l a y e r s t r u c t u r e s h o u l d have P h i l l i p s ' e l e c t r o n e g a t i v i t y d i f f e r e n c e i n t h e range from 0.55 t o 0.95.
I n a c e r t a i n range o f i o n i c i t y o f v a l e n c e bonds, however, s h e a r mode phonons a r e bound t o be uns t a b l e by t h e long range Coulomb f o r c e , s o t h a t I n s c r y s t a l l i z e s i n a n o n l a y e r s t r u c t u r e . Three o t h e r examples of such n o n l a y e r compounds have been found from e x p e r i m e n t a l p h a s e a n a l y s i s o f (GaSelx(InSe)l-x.
1. Nature of Chemical Bonds.-Group 111-VI e x c e s s v a l e n c e compounds, Gas, GaSe and I n S e , c r y s t a l l i z e i n a sandwich-type l a y e r s t r u c t u r e . D e s p i t e of i t s s t r o n g a n i s o t r o p y , t h e e l e c t r o n i c c o o r d i n a t i o n w i t h r e s p e c t t o b o t h a n i o n and c a t i o n can be r e g a r d e d a s t e t r a h e d r a l s i n c e nonbonding o r b i t a l s a r e formed a t a n i o n s i t e s by t h e e x c e s s e l e c t r o n s . F i g u r e 1 shows t h e dependence of f o r c e c o n s t a n t s on t h e bond l e n g t h L. The Q -"~ rule1) h o l d s w e l l i n 111-VI l a y e r compounds a s w e l l a s i n group 111-V and 11-VI compounds. B e s i d e s , t h e f o r c e c o n s t a n t s i n d i c a t e t h a t t h e s t r e n g t h o f bonding -is comparable t o t h e p r o p e r t e t r a h e d r a l bonding. The s i m i l a r i t y o f bonding i s e v i d e n t l y shown by t h e r a t i o of bending t o s t r e t c h i n g f o r c e c o n s t a n t s : E x p e r i m e n t a l v a l u e s i n t h e l a y e r compounds a g r e e w e l l w i t h t h o s e i n such t e t r ah e d r a l compounds i f s c a l e d by t h e s p e c t r o s c o p i c i o n i c i t y f i , 2 ) a s shown i n f i g u r e 2.
I f we pay a t t e n t i o n t o t h e h e t e r o p o l a r e n e r g y g a p , 2 ) C , we f i n d t h a t a l l t h r e e l a y e r compounds have C = 4 . 7 eV.
This v a l u e a g r e e w e l l w i t h C i n t e t r a h e d r a l compounds w i t h t h e same v a l u e of P h i l l i p s ' e l e c t r o n e g a t i v i t y d i f f e r e n c e A a s shown i n f i g u r e 3. The h e t e r o p o l a r e n e r g y gap i n GaTe i s o f p a r t i c u l a r i n t e r e s t because GaTe c r y s t a l l i z e s a t ambient c o n d i t i o n s i n a m o n o c l i n i c l a y e r s t r u c t l i r e m o d i f i e d s t r o n g l y from t h e sandwich-type one.
I t s d i e l e c t r i c c o n s t a n t E , of 9 . 0~) g i v e s C = 4.0, b e i n g c l o s e t o 4.7 eV d e s p i t e t h a t A = 0.34 i n GaTe i s s m a l l e r by a f a c t o r of a b o u t two t h a n A = 0.80 i n InSe. T h i s f a c t s u g g e s t s t h a t t h e sandwich-type l a y e r s t r u c t u r e r e q u i r e s C of t h e a n i o n -c a t i o n bond t o be r a t h e r c o n s t a n t i n o r d e r t o m a i n t a i n t h e T e o r c e c o n s t a n t s i n 111-V and 11-VI compounds a r e r e p r e s e n t e d by pw2, where t h e f r e q u e n c i e s , w , o f TO phonons a r e r e f e r r e d t o l i t e r at u r e s .
W and G a r e f o r c e c o n s t a n t s a s s o c i a t e d w i t h a n i o n -c a t i o n and c a t i o n -c a t i o n bonds, r e s p e c t i v e l y , i n 111-VI compounds. InTe i s known t o c r y s t a l l i z e i n a n o n l a y e r s t r u c t u r e . The r a t i o o f bending H e t e r o p o l a r e n e r g y gap t o s t r e t c h i n g f o r c e c o n s t a n t s 2 % & l i p s e l e c t r o n e g a t i v i t y v s i o n i c i t y .
S u f f i c e s c and s d e n o t e t h e c o m p r e s s i o n a l and s h e a r components w i t h r e s p e c t t o t h e b a s a l p l a n e , r e s p e c t i v e l y . b a l a n c i n g of c h a r g e d i s t r i b u t i o n a g a i n s t t h e van d e r Waals bond and t h e c a t i o n -c a t i o n homopolar bond; t h e sandwich-type l a y e r s t r u c t u r e i s s t a b l e o n l y i f

The i n s t a b i l i t y o f t h e l a y e r s t r u c t u r e may be a t t r i b u t e d i n p a r t t o t h e f a c t t h a t
d i f f e r e n c e .
o t h e r hand, we have A = 0.88 which l i e s i n t h e s t a b l e r e g i o n f o r t h e l a y e r s t r u c t u r e . Furthermore we f i n d f i = 0.58 i n .Ins p r o v i d e d t h a t i t c r y s t a l l i z e s i n t h e l a y e r s t r u c t u r e w i t h C = 4.7 eV. The v a l u e of f i i s e v e n s m a l l e r t h a n t h a t i n InSe, s o t h a t t h e Coulomb r e p u l s i o n between c a t i o n s would n o t be s t r o n g enough t o b r e a k up t h e l a y e r s t r u c t u r e . d e v e r t h e l e s s I n s c r y s t a l l i z e s i n a t h r e e dimensional s t r u c t u r e a t ambient c o n d i t i o n s . Thus t h e l a t t i c e i n s t a b i l i t y o f group 111-VI compounds can n o t be e x p l a i n e d i n terms of t h e n a t u r e o f chemical bond a l o n e .
2. Phase Diagram of (GaSe)x (InSe) l-x. -P r e s e n t a u t h o r s (Y .N. and N . K~~) have p r e d i c t e d t h a t t h e sandwich-type l a y e r s t r u c t u r e i s uns t a b l e i n t h e p s e u d o b i n a r y system (GaSe)x(InSe)l-x f o r a wide range o f x due t o t h e i n s t a b i l i t y o f s h e a r mode phonons induced by t h e long range Coulomb i n t e r a c t i o n . I f i t i s t h e c a s e , t h e l a y e r s t r u c t u r e s h o u l d be u n s t a b l e a l s o i n I n s because I n s c o r r e s p o n d s i n i t s e l e ct r o n i c p o l a r i z a b i l i t y t o t h e pseudob i n a r y compound w i t h x = 0.6. t h e r e a p p e a r t h r e e new p h a s e s GaIn3Se4, Ga21nSe3 and Ga31nSe4, which p r o b a b l y have n o n l a y e r s t r u c t u r e s . I n a d d i t i o n , t h e y e x h i b i t phase t r a n s i t i o n s a t 738, 592 and 543 O C a s s e e n i n f i g u r e 4. A l l t h e s e o b s e r v a t i o n s a r e c o n s i s t e n t w i t h o u r t h e o r e t i c a l p r e d i c t i o n .
I n o r d e r t o examine t h e v a l i d i t y o f t h i s p r e d i ct i o n , we have d e t e r m i n e d t h e phase
The p r e s e n t MOLE % GoSe IN lnSs r e s u l t s s t r o n g l y s u g g e s t t h a t t h e t h r e e d i m e n s i o n a l s t r u c t u r e o f I n s i s caused : Phase diagram by t h e i n s t a b i l i t y o f s h e a r mode phonons.
l-x.
